Technological advancements in DNA sequencing enabled routine studies of genetic variations and the e ects those variations have on an individual's health. Full information about variations in an individual's genome is given by haplotypes, ordered lists of single nucleotide polymorphisms (SNPs) on the individual's chromosomes [22] . Haplotype information is critical for a wide range of applications [8, 11, 21] . In order to reconstruct haplotypes using short reads obtained by high-throughput DNA sequencing, one needs to partition the reads into K clusters, each containing the reads that sample one of the chromosomes. If there were no sequencing errors in the reads, performing such a clustering task would be easy. However, sequencing errors make the origin of a read unclear and therefore render haplotype assembly di cult. Majority of haplotype assembly methods consider the minimum error correction (MEC) formulation where the goal is to nd the smallest number of nucleotides in reads that need to be changed so that the corrected reads are consistent with having originated from precisely K chromosomes [5, 14, 17, 18, 25] . It is known that nding optimal solution to the MEC formulation of the haplotype assembly problem is NP-hard [5, 7] . Exact methods such as branchand-bound schemes [24? ] and dynamic programing techniques [12, 14] struggle to remain accurate and practically feasible at high coverages. This has motivated a number of heuristics such as those in [1-3, 9, 10, 13, 15, 15, 19].
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In addition to studies of diploids, advancements in sequencing also enabled studies of genetic variations of polyploid organisms. However, with the exception of HapCompass [1] , SDhaP [9] and BP [19] , the above listed methods are restricted to haplotype assembly of diploid genomes. Other recent techniques capable of reconstructing haplotypes for both diploid and polyploid genomes include HapTree [4] , a Bayesian method for nding the maximum likelihood haplotype shown to outperform HapCompass and SDhaP [16] , and H-PoP [25] , the state-of-the-art dynamic programming method that signi cantly outperforms the schemes developed in [1, 4, 9] in terms of accuracy, memory consumption, and speed. Note that Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for pro t or commercial advantage and that copies bear this notice and the full citation on the rst page. Copyrights for third-party components of this work must be honored. We present a uni ed framework for haplotype assembly of diploid and polyploid genomes that relies on sparse tensor decomposition. Let us represent nucleotides numerically using alphabet A = {(1, 0, 0, 0), (0, 1, 0, 0), (0, 0, 1, 0), (0, 0, 0, 1)} and organize reads into a binary tensor which can be thought of as being obtained by multiplying a matrix U that encodes unknown origin of the reads and a tensor V that consists of strain sequences. This representation is illustrated in Fig. 1 where n and k denote number of reads and size of population, respectively, and where m is the haplotype block length. Fig. 1 . Representing population sequences and sequencing reads using tensors. Horizontal slices of tensor V T are population sequences while matrix U ∈ {0, 1} n×k assigns each of the n horizontal slices of M (reads) to one of the k strains, i.e., the i th row of U is an indicator of the origin of the i th read.
A sequencing device provides a noisy sampled version of M which we denote by R; one can think of R as being a tensor collecting sequencing reads, which are erroneous and incomplete samples of haplotypes. One can show (details omitted for brevity) that the strain reconstruction problem can readily be formulated as the optimization
where . F denotes the Frobenius norm of its argument and P Ω is a sampling operator that describes the pattern of missing entries in R. Although the objective function in (1) is convex in each of the factors when the other factor is xed, the objective is generally nonconvex which makes (1) computationally challenging. Note that tensor and matrix factorization have received a lot of attention in recent years [6, 23] .
We propose an iterative procedure for nding tensor decomposition that exploits underlying structural properties of the factors in (1) to perform decomposition at a low computational cost. The algorithm, which we refer to as AltHap, thus assembles haplotypes in an iterative fashion, alternating between two computationally 4th International Workshop on Computational Network Biology: Modeling, Analysis, and Control (CNB-MAC) ACM-BCB '17, August 20-23, 2017 , Boston, MA, USA [20] .
Performance of AltHap on simulated triploid with polyallelic variant sites is shown in Table 1 . In particular, the performance is expressed in terms of the minimum error correction (MEC) scores and correct phasing rate (CPR) that the algorithm achieves for a given sequencing coverage and data error rate.
